This study is aimed at investigating the behavior of the Autonomic Nervous System (ANS) at Sleep Onset (SO) and to correlate it with higher brain activity captured as surface Electroencephalogram (EEG). The study was performed on data obtained from I6 healthy subjects who undrnvent standard polysomnography (PSG). The instantaneous Hear? Rate Variability (HRV) provided a measure of ANS activity, and EEG was quantified by time-frequency analysis measuring power in alpha and delta frequency bands. The results revealed a power &creme in the VLF component of the inter-beat (RR) interval to a minimal level around SO, similar changes. though to a lesser degree in the LF component, and almost no chnnge in the HF component. These changes correlated with a drop in alpha and a surge in delta EEG power. The sympathovagal balance, as reflected by LF/HF ratio, pointed towards an increase in the parasympathetic activity afrrr SO.
Introduction
The central regulation of autonomic function changes dramatically between the different states of the living organism: wakefulness, Rapid Eye Movement sleep, and Non Rapid Eye Movement (NREM) sleep [I] . In view of these great differences. it is of interest to look into the changes of the functioning of the autonomic nervous system that occur with SO.
Direct studies of the autonomic activity, involving invasive procedures, are usually avoided due to their relative complexity and invasiveness. Some of our knowledge can be inferred from the response of end organs. It is common knowledge and practice that standard methods of power spectral analysis (Fourier transform or auto regression) of heart rate (HR) can be applied to obtain important information on the central autonomic regulation. Such HR-variability (HRV) measures include the low frequency (LF) power component that reflects, in supine position, both sympathetic and parasympathetic influences at the sinus node, and the high frequency (HF) 
Methods

Subjects
Sixteen healthy subjects (ages 18-48 years, 3 M 7 mean+sd) who underwent whole night PSG and had long enough sleep latency were included in this study.
Data acquisition
Sleep studies included polysomnogaphy with w: For every subject, two reference points were defined AlpWDelta reference point as the time of power decreasdincrease to two thirds of average value befordafter SO according to standard criteria.
&J&:
The normalized results of each spectral hand of Step I, were averaged over all subjects in 21 points 50 seconds apart: 10 points before AlphrJDelta reference point, beginning 500 seconds before the reference, 1 point at the reference point, and another 10 points till 500 seconds after the reference time.
3.
Results Figure 1 shows the time dependent spectral power of RRI series and EEG signal, as defined in section 2.3., for a subject who entered sleep smoothly. Note that power drop in the alpha band and power surge in the delta hand, which occurred around epoch 25, do not necessarily coincide with classical d e f~t i o n of SO, which occurred at epoch 19. Furthermore, note the power drop in VLF.
LF. and HF bands which also occurred around epoch 25.
The drop in the first two bands repeated in most subjects. The results for all subjects, both those who developed sleep smoothly and those who fluctuated between sleep and wakefulness, were averaged and are shown in figure  3 . VLF power decreased gradually towards the reference point, reached minimal values around 100 seconds after the reference, and increased moderately afterwards. LF power displayed similar behaviour however less pronounced. HF power did not change significantly.
4.
Discussion SO represents a transition between two different physiological, cognitive and behavioral states of being: wakefulness and sleep. This transition is accompanied by sensor-motor disengagement from external stimuli, quiescence, significant changes in ANS function, extreme changes in cognition paralleled by characteristic changes in EEG activity, namely a decrease in frequency along with increased amplitude and synchronization of brain electrical activity. During the transition around SO, many of the above mentioned changes are very dramatic and occur at a specific point of time. However, different changes usually do not coincide in time. This implies that SO is not necessarily a discrete event but rather a continuous process of transition between states of being, that affects many. if not all, cognitive and physiological systems.
In the present study we aimed to describe the autonomic changes during SO and their interconnection with an important measure of electro-cortical activity of the brain namely -the surface EEG. An additional finding is related to the oscillatory waning pattern of wakefulness before SO. This same pattern appears in the decrease of alpha power as well as in the increase in delta power of surface EEG. This undulant behavior is accompanied by a similar behavior of the A N S function as derived from HRV. The power in all frequency bands of the RRI series displays fluctuates synchronous with those in alpha and delta EEG power bands (see for example -epochs 107-108 in Fig 2) .
Finally, the decrease in VLF power begins before changes in EEG power begin. In this study we could not trace the beginning of VLF descent since in most of the sleep studies. the sleep latency was too short to allow meaningful analysis. Furthermore, we could view a wavelike behavior of VLF power that occurred before SO, even when the subject developed sleep smoothly ( see Fig I) .
We conclude that A N S activity at the wake -sleep transition is affected by the same underlying mechanism that governs the process of SO. It fluctuates towards the period of SO and reaches a minimal value during that period. Monitoring A N S activity can provide an additional indicator of the transition from wakefulness to sleep. This indicator is obtained easily and provides insight into the changes in control mechanisms that occur during sleep. . Normalized power spectrum of the RRI series, averaged over all subjects (n=16), and synchronized to a common reference point. The abscissa is the time scale in seconds relative to reference point. Upper plot shows results with reference set on the time that the delta power reached two thirds of its average value after SO. Lower pane shows results with reference set on the time that the alpha power decreased to two thirds of its average value before SO.
